ABSTRACT: Fermentation characteristics were measured and numbers and distribution by genera of ciliate protozoa were determined in ruminal fluid samples collected from 10 ruminally cannulated steers during the first 30 d of their being fed barley-based diets containing 62% (Medium Barley) or 95% (High Barley) barley grain (DM basis). Ruminal samples were collected at 5-d intervals over the 30-d periods beginning after adaptation (i.e., at the first full feeding of each diet). Ruminal pH and ammonia concentrations were lower (P < 0.001) with the High Barley than with the Medium Barley diet. Concentrations of total VFA and propionate and amylase activity of ruminal fluid were higher (P < 0.001) on High Barley than on Medium Barley. Total protozoal numbers in ruminal fluid were
Introduction
Rumen ciliate protozoa play diverse and important roles in ruminal metabolism of nutrients (Williams and Coleman, 1992) . Earlier reports indicated that grainfed feedlot cattle are virtually free (Eadie et al., 1970; Lyle et al., 1981) or have dramatically reduced populations (Slyter et al., 1970; Vance et al., 1972) of protozoa. However, research with wheat- (Kreikemeier et al., 1990) and corn-and sorghum-based diets (Towne et al., 1990a,b; Franzolin and Dehority, 1996) This study was supported by funds from Canada/Alberta Beef Industry Development Fund. The authors thank the barn staff for their conscientious care of the cattle and gratefully acknowledge L. Neill, C. Barkley, and Z. Xu for technical assistance and K. Jakober for comments on the manuscript.
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42% lower (P < 0.05) on High Barley (470 × 10 3 /mL) than on Medium Barley (804 × 10 3 /mL). On Medium and High Barley diets, respectively, Entodinium spp. made up 89 and 91% of the ciliate protozoal populations. With the Medium Barley diet, relative proportions of Dasytricha, Ophryoscolex, Ostracodinium, Diplodinium, and Metadinium spp. in the total ciliate population were 4.5, 0.4, 0.5, 0.7, and 0.3%, respectively. When the High Barley diet was fed, these genera were not detected. In a subsequent survey, ruminal samples were collected from 200 finishing cattle at slaughter. Average protozoal population was 328 × 10 3 /mL, and Entodinium spp. constituted 97% of the total. These data demonstrate that a large population of Entodinium spp. can persist in the rumen of cattle fed high barley grain-based finishing diets. grain has higher rates and extents of dry matter and starch degradabilities in the rumen (Herrera-Saldana et al., 1990; Zinn, 1993) , and diets based on barley grain increase microbial protein synthesis (Zinn, 1993) and produce a higher level of fermentation and lower pH in the rumen immediately after feeding (McAllister et al., 1990; Yang et al., 1997) .
The number of studies investigating the effect of high barley grain diets on ruminal protozoa is limited. Eadie et al. (1970) reported complete defaunation of the rumen of cattle fed cubed barley to ad libitum intake. Based on results from three heifers, those authors concluded that protozoa are eradicated from the rumen shortly after feeding was switched from restricted to ad libitum. Slyter et al. (1970) observed low protozoal numbers in a trial with four steers (Latin square design) fed barley diets with intake restricted to 1.5% of the steers' body weight.
The objectives of the present study were 1) to determine the ruminal fermentation characteristics and the concentration and taxonomic distribution of ruminal ciliate protozoa in cattle given ad libitum access to diets containing medium or high levels of steam-rolled barley grain and 2) to determine total number of ciliate proto- Within a row, means with different superscripts differ (P < 0.05).
zoa and genera distribution in ruminal contents of cattle brought to slaughter weight in commercial feedlots.
Materials and Methods

Animals and Feeding
Experiment 1. Ten ruminally cannulated steers (451 ± 11.1 kg average BW) were adapted to a diet containing (DM basis) 62% barley grain and 23% barley silage (Medium Barley diet, Table 1 ). The proportion of barley grain in the diet was gradually increased from 13 to 62% over 45 d. The diet was fed as a total mixed ration, and ad libitum intake was met by ensuring 5% orts. The steers were fed at 0800 and at 1600. Ruminal fluid samples were collected 3 h after the morning feeding, at 5-d intervals, over the first 30 d of full feeding the Medium Barley diet. The steers were then gradually adapted to a diet containing 95% concentrate, comprising 90% barley grain and 5% soybean meal (High Barley diet, Table 1 ). Barley grain was increased from 62 to 90% over 20 d, during which time the soybean meal was also introduced. No ionophore was fed with either diet. The feeding schedule remained the same as for the Medium Barley diet. As with Medium Barley, ruminal samples were collected from each animal on d 5, 10, 15, 20, 25, and 30 of full feeding the High Barley diet.
The steers involved in this experiment were cared for according to the guidelines of the Canadian Council on Animal Care (CCAC, 1993) .
Experiment 2. For comparison to industry, ruminal samples were collected at slaughter from 200 cattle finished at commercial feedlots in southern Alberta. Finishing diets for these cattle contained 70 to 90% barley grain, 25 to 5% barley silage, 5% supplement, and, most likely, monensin at 26 to 33 ppm. The inclusion of ionophore in the diets cannot be stated with certainty, as we had no direct involvement with the feedlots or selection of animals sampled; however, ionophores (almost exclusively monensin) are routinely fed to virtually all feedlot cattle in the southern Alberta area. Also in keeping with prevalent practice in the industry, feed was likely withheld from these animals for the evening prior to shipping for slaughter.
Immediately after slaughter and evisceration, the intact reticulorumen was separated from the omasum and lower tract and transferred to a level work surface in a predefined orientation. From an incision in the left midventral wall of the rumen, approximately 500 g of whole ruminal contents was withdrawn using a plastic beaker and placed onto and squeezed through two layers of cheesecloth; the filtrate was processed as outlined below. Fresh cheesecloth and collection flasks were used for each animal, and knives, beakers, and work space were rinsed between animals.
Samples and Analyses
Feed samples (Exp. 1) were collected weekly and combined by diet. Dry matter was determined by ovendrying at 65°C to constant weight. Samples were ground through a 1-mm screen and analyzed for NDF and ADF (Van Soest et al., 1991) and N. A heat-stable α-amylase (A-3306, Sigma Chemical Co., St. Louis, MO) was used in the NDF analysis. Nitrogen was analyzed on a nitrogen analyzer (Model 1500; Carlo Erba Instruments, Milan, Italy) after samples were pulverized in a planetary micro mill (Pulverisette 7; Fritsch GmbH Laborgeratebau, Idar-Oberstein, Germany).
Whole ruminal contents from each steer were collected from four locations in the rumen: the bottom of the ventral rumen sac, the reticulum, the feed mat, and the cranial rumen sac. Approximately 250 g from each site (one plastic 250-mL beaker full) was combined and squeezed through two layers of cheesecloth. The pH of the filtrate was recorded, and subsamples were frozen immediately and stored at −40°C for later analysis. An additional subsample (5 mL) was combined with 1 mL of m-H 3 PO 4 prior to freezing, for analysis of VFA. Aliquots of fresh filtrate (5 mL) were added to 5 mL of protozoal staining solution (MFS solution, Ogimoto and Imai, 1981) . Ciliate protozoa were counted as described by Veira et al. (1983) using a Neubauer Improved Bright-Line counting chamber (Hausser Scientific, Horsham, PA), and genera were identified as outlined by Dehority (1993) . Duplicate preparations of each sample were counted, and, if either value differed from the average by more than 10%, the counts were repeated.
After thawing, 30 mL of filtered ruminal fluid was mixed with 2.25 mL of 65% (wt/vol) trichloroacetic acid (Sigma Chemical Co.). The samples were stored on ice for 30 min, centrifuged at 28,000 × g at 4°C for 15 min, and analyzed for ammonia and total free amino acids (TFAA) as described by Broderick and Kang (1980) and for reducing sugars (RS) by the method of Hristov et al. (1998) .
For analysis of VFA, thawed, acidified ruminal fluid samples were centrifuged at 20,000 × g for 10 min and then analyzed on a Star 3400 CX gas chromatograph (Varian Associates, Palo Alto, CA) equipped with an 8300 CX autosampler (Varian) and a fused silica column (DB-FFAP, 15 m × 0.25 mm i.d., J & W Scientific, Folsom, CA). The carrier gas was N 2 , and injection, initial, and final column temperatures were 230, 70, and 230°C, respectively.
Another subsample of thawed filtrate was sonicated and centrifuged, and the cell-free fluid was analyzed for carboxymethylcellulase (CMCase), xylanase, amylase (Hristov et al., 1998) , and deaminative activities (Hristov et al., 1999b) . A further aliquot of thawed ruminal fluid was centrifuged at 28,000 × g at 4°C for 15 min, and the supernatant was analyzed for soluble protein using an automated Lowry assay (Oosta et al., 1978) , viscosity (Hristov et al., 1998) , and L-lactate (Goodall and Byers, 1978) .
Statistical Analyses
Statistical analyses were performed using a repeated measures model (assuming autoregressive [1] model) run with PROC MIXED (SAS Inst. Inc., Cary, NC). Means are least squares means (LSMEANS) with associated standard errors. Statistical analysis of total protozoal and Entodinium spp. counts was performed on log 10 -transformed data. Data for all other genera are reported only as arithmetic means, due to low numbers or lack of these protozoa on the High Barley diet. The effect of the day of full-feeding the diets on the controlled variables was evaluated by pairwise t-test. Samples for enzyme activities and viscosity from d 5 of feeding the Medium Barley diet were lost; therefore, overall diet means for these variables were calculated from the measurements made on only d 10, 15, 20, 25, and 30. Diet composition and nutrient intake data were analyzed by PROC GLM. Correlations between fermentation parameters and protozoal concentration and genera distribution were determined by Pearson correlation.
Results
Dry matter and N contents were higher (P < 0.05) and concentrations of NDF and ADF were lower (P < 0.05) in the High Barley than in the Medium Barley diet (Table 1) . When fed the High Barley diet, the steers had higher (P < 0.05) intakes of DM and N and lower (P < 0.05) intakes of NDF and ADF.
Ruminal fermentation characteristics are presented in Table 2 . Mean pH in the rumen was lower (P < 0.001) when the High Barley diet was fed than when the Medium Barley diet was fed. Ruminal pH was affected by sampling day (P < 0.05). Variability in ruminal pH was more pronounced with the High Barley diet, on which pH dropped from 6.19 on d 5 to 5.88 by d 30 (P = 0.08), than with the Medium Barley diet (on which it ranged from 6.53 on d 5 to 6.30 on d 20; P < 0.05). Ruminal ammonia concentrations were lower (P < 0.001) when the High Barley diet was fed than when the Medium Barley diet was fed. Concentrations of TFAA and RS and viscosity of ruminal fluid were not affected by diet or sampling day (P > 0.05).
The concentration of soluble protein in the rumen was generally higher (P < 0.05 on d 5, 10, 20, and 30) with the High Barley diet than with the Medium Barley diet. The numerically higher (P > 0.05) concentration observed with Medium Barley on d 15 resulted in a significant (P < 0.001) diet × day interaction. Higher ruminal concentrations of total VFA (P < 0.001) and propionate (P < 0.001) were observed with the High Barley than with the Medium Barley diet, and these characteristics were also affected by sampling day (P < 0.001). On d 5, 10, and 15, concentration of acetate was higher (P < 0.05) with the High Barley than with the Medium Barley diet. The trend of increasing concentrations of acetate after d 15 continued with the Medium Barley diet, whereas a decline was observed with the High Barley diet, which resulted in a significant interaction (P < 0.05) between diet and day of sampling. Butyrate concentration varied with diet and day of sampling (diet × day interaction P < 0.05); butyrate concentration was higher (P < 0.05) on d 5 and lower on d 20 with the High Barley than with the Medium Barley diet. Concentrations of isobutyrate and isovalerate were not affected (P > 0.05) by the proportion of barley grain in the diet, but the average concentration of valerate was 50% higher (P < 0.001) on the High Barley diet than on the Medium Barley diet. Although there was a diet × day interaction (P < 0.05), the acetate:propionate (A:P) ratios were lower (P < 0.05) on each sampling day with the High Barley than with the Medium Barley diet, and this was reflected in a 38% difference between the mean values. Concentration of L-lactate in ruminal fluid was lower (P < 0.05) with the High Barley than with the Medium Barley diet on d 5, 10, 15, 20, and 30 and numerically lower (P > 0.05) on d 25.
Carboxymethylcellulase and xylanase activities of ruminal fluid were not affected by level of concentrate (Table 3) . Amylase activity was greatly increased (by 94%; P < 0.001) when the proportion of concentrate in the diet was increased from 62 to 95%. Average deaminative activity in ruminal fluid was also increased (by 24%, P < 0.001) when the High Barley diet was fed, compared to the Medium Barley diet.
Averaged across days, total protozoal counts were lower (P < 0.05) in steers fed the High Barley diet than in those fed the Medium Barley diet (Table 4) . On average, the protozoal populations comprised 89 and 91% Entodinium spp. when Medium and High Barley diets, resptectively, were fed. As with the total protozoal numbers, populations of Entodinium spp. were also lower (P < 0.05) on the High Barley than on the Medium Barley diet. Epidinium was the second most numerous genus on both diets. Isotricha spp. were found in low numbers on both diets. Dasytricha spp. Significance: ***P < 0.001; **P < 0.01; *P < 0.05; NS = not significant. were not found in ruminal samples from cattle fed the High Barley diet. Eudiplodinium, Diplodinium, Metadinium, Ophryoscolex, and Ostracodinium spp. were present in low numbers when the Medium Barley diet was fed but were not detected in ruminal fluid when steers were fed 95% concentrate. Significance: ***P < 0.001; **P < 0.01; *P < 0.05; NS = not significant. Sampling ruminal contents from commercial feedlots revealed sizable protozoal populations, averaging 3.28 × 10 5 /mL (Table 5) . As in Exp. 1, Entodinium was the predominant genus, accounting for 97.2% of the total protozoal population. Three of the 200 animals sampled (1.5%) were protozoa-free, 23.5% harbored between 1 × 10 3 and 5 × 10 4 protozoa/mL of ruminal fluid, and the largest group of cattle (33.5%) had between 5 × 10 4 and 2 × 10 5 protozoa/mL of ruminal fluid. A substantial proportion of the animals (23%) had ruminal protozoal populations of ≥ 4 × 10 5 cells/mL of ruminal fluid. There was no correlation (P > 0.05) between ruminal ammonia or soluble protein concentrations and total protozoa or Entodinium spp. (data not shown). A correlation also was not found (P > 0.05) between ruminal pH and protozoal numbers. Total protozoal populations correlated positively to the concentration of butyrate in the rumen at r = 0.22 (P < 0.05) and to ruminal lactate concentration at r = 0.28 (P < 0.01) and r = 0.24 (P < 0.05), respectively.
Discussion
Feeding a barley-based, 95% concentrate diet (High Barley) to steers gradually reduced ruminal pH, which dropped below 6.00 after 30 d. Lyle et al. (1981) reported a similar effect when corn-based finishing diets were fed to steers, and Towne et al. (1990b) reported ruminal pH of 5.62 to 5.80 on finishing diets containing 76 to 83% corn or sorghum. Slyter et al. (1970) , Towne et al. (1990a) , and Franzolin and Dehority (1996) also found lowered ruminal pH in cattle fed high dietary levels of grain. In the present study, ruminal pH was measured once a day, which may not represent the diurnal variation in pH observed in cattle fed high-grain diets (Franzolin and Dehority, 1996) . The higher VFA and lower ammonia concentrations on the High Barley than on the Medium Barley diet (Table 2) are associated with the observed decrease in ruminal pH, but protozoa may also be involved in pH regulation in the rumen. By ingesting starch granules, ruminal protozoa decrease the rate of starch degradation in the rumen (Williams and Coleman, 1992) ; lower ruminal pH was reported in defaunated compared with faunated animals (Veira et al., 1983; Nagaraja et al., 1992; Mendoza et al., 1993) .
In the present study, ruminal ammonia concentration was lower in cattle fed 95% concentrate (High Barley) than in those fed 62% concentrate (Medium Barley). The decreased ruminal ammonia concentration (by 47% on d 30) observed with the High Barley diet likely stems from 1) a higher level of utilization of ammonia as a result of more readily available carbohydrate; 2) a decrease in ruminal recycling of bacterial N resulting from the lower protozoal populations on the 95% concentrate diet; and 3) increased ammonia assimilation due to higher bacterial numbers. Experiments with defaunated animals clearly showed the significant role that ruminal protozoa play in N recycling and ammonia concentrations in the rumen (Veira et al., 1983; Williams and Withers, 1993; Jouany, 1996) .
Generally, the concentrations of soluble protein in ruminal fluid were higher (d 5, 10, 20, and 30) with 95% than with 62% concentrate in the diet. The values recorded (Table 2) were slightly higher than the 2 to 4 g/L observed in a separate study (F. H. Van Herk et al., unpublished data) in which cattle were fed 80% concentrate:20% forage diets and consumed approximately 7.2 kg DM/d. Accumulation of soluble protein in the rumen may be related to the reduced protozoal numbers, in particular to the reduced predation of bacteria.
In an earlier study by Cheng and Hironaka (1973) , viscosity of ruminal fluid doubled when cattle were switched from a 100% hay to a 100% concentrate diet, but the relatively smaller increase in concentrate content between diets in the present experiment did not alter ruminal fluid viscosity. Increasing the level of grain in the diet did increase the total ruminal VFA concentration, however, which suggests increased bacterial population and activity in the rumen. Lyle et al. (1981) reported a similar effect on ruminal VFA in cattle fed wheat-or corn/wheat-based diets. Vance et al. (1972) and Kreikemeier et al. (1990) found a trend toward higher VFA concentrations with inclusion of a small amount of roughage in all-grain diets. Eadie et Transformed (log 10 ) data were used for statistical analyses. ***P < 0.001; *P < 0.05; NS = not significant. al. (1970) recorded a dramatic increase in total bacterial numbers when cattle were switched from 50% to 100% barley grain diets. Increased bacterial populations in the rumen are often observed after defaunation, likely reflecting reduced bacterial predation by protozoa and more available substrate for bacterial growth (Williams and Withers, 1991; Williams and Coleman, 1992) . Decreased acetate and increased propionate concentrations in the rumen were reported by Eadie et al. (1970) when the barley in a diet for heifers was increased to 100%. Increased concentration and proportion of propionate is often found in animals with reduced or eradicated protozoal populations (Eadie et al., 1970; Williams and Withers, 1991; Nagaraja et al., 1992) , but this trend toward increased propionate can also occur independently of protozoal numbers. For example, this trend is still observed when the proportion of concentrate in the diet is increased to levels that do not negatively affect protozoal populations (Jouany et al., 1998) .
In the present study, ruminal L-lactate concentration was not affected by the increased grain content of the diet or by the reduced numbers of protozoa in the rumen. The L-lactate concentration was low, remaining below 1 mmol/L throughout the study. Harmon et al. (1985) found L-lactate in the rumen to average 2.07 mmol/L (D-lactate concentration was 1.24 mmol/L), or 3% of the total VFA concentration, in cattle fed 70% concentrate (as corn and soybean meal). Newbold et al. (1987) suggested that ruminal protozoa (especially Entodinium spp.) may play a critical role in utilizing lactic acid in the rumen, thereby preventing acidosis in cattle; however, in the present study, reducing the ruminal protozoal population by 42% did not affect concentration of L-lactate in the rumen. The gradual adaptation of steers to the finishing diet and(or) to the proportional increase in Entodinium spp. among the total protozoal population may have reduced the effect of diet on L-lactate. Alternatively, enhanced activity of lactateutilizing bacterial species such as Megasphaera elsdenii may have prevented increases in lactic acid concentration. Nagaraja et al. (1992) found increased lactate concentrations in the rumens of steers defaunated with sodium sulfosuccinate, but the levels did not reach 0.5 mmol/L. In this latter study, defaunated animals had numerically higher lactate-fermenting bacteria (+143%) compared with the faunated control.
In the present study, the fibrolytic activities of ruminal fluid were not affected by the shift in the forage:concentrate ratio of the diet. Noziere and Michalet-Doreau (1994) reported lower ruminal cellulase and xylanase activities in cows fed 40% forage, compared to 100% forage. Similarly, we found in an earlier study that ruminal CMCase and xylanase activities were lower in cattle fed a 90% grain diet than in those fed an 83% forage diet (Hristov et al., 1999a) . Although the ruminal protozoa possess high levels of fibrolytic activities (Williams and Coleman, 1992) , the increase in total bacterial mass in the rumen accompanying defaunation may result in increased overall cellulase and xylanase activities in the liquid and particulate phases of ruminal contents (Nagaraja et al., 1992; Williams and Withers, 1993) . Increasing the proportion of grain in ruminant diets invariably results in increased amylase activities in ruminal contents (Martin and Michalet-Doreau, 1995; Jouany et al., 1998; Hristov et al., 1999a) , and defaunation had a similar effect (Mendoza et al., 1993) .
Ciliates possess significant fibrolytic, amylolytic, and proteolytic activities (Williams and Coleman, 1992) and are believed to contribute to ruminal recycling of microbial N (Jouany, 1996) . In 7 of the 18 experiments summarized by Jouany (1996) , microbial N flow to the duodenum was significantly higher (+41%) in defaunated compared to faunated animals, and, in another 7 of the studies, microbial N flow was numerically higher (by 25%, on average) in the defaunated animals. Protozoa are selectively retained in the rumen, and 65 to 85% of protozoal N is recycled within this organ (Firkins, 1996) . Consequently, in situations such as feeding finishing diets for beef cattle, in which most of the feed energy is supplied as starch and the contribution of protozoa to ruminal fiber digestion is likely insignificant, partial elimination of ciliates could improve the efficiency of N and energy utilization by the ruminant.
Moderate increases in the starch content of the diet usually result in a larger protozoal population in the rumen. Increasing the proportion of dietary concentrate (as cornstarch and dextrose) from 30 to 70% increased the total ruminal protozoal population in Holstein heifers (Dennis et al., 1983) . Franzolin and Dehority (1996) and Jouany et al. (1998) also found that increasing the starch content of the diet stimulated protozoal growth. In contrast, all-grain diets have the opposite effect and, through lowered pH or increased outflow rates (Franzolin and Dehority, 1996) can cause virtually complete defaunation of the rumen (Eadie et al., 1970; Lyle et al., 1981) . Lyle et al. (1981) observed that total ruminal protozoal numbers fluctuated and increased at certain sampling days during adaptation of cattle from 2 kg of grain per day to ad libitum intake. In one of the experiments in the study by Lyle et al. (1981) , a sizable but transient protozoal population comprising 98% Entodinium spp. was observed. However, at the end of the adaptation period the cattle were virtually protozoafree.
Abrupt or gradual change from restricted feeding to ad libitum intake of a barley grain diet eventually resulted in elimination of protozoa (Eadie et al., 1970) . In the present study, the cattle were given ad libitum access to both diets, and DM intake of the High Barley diet was 7.6% higher than intake of Medium Barley diet. This difference in DM intake may have intensified the effect of the higher starch content of the High Barley diet on reducing protozoal numbers. Ad libitum consumption of corn-or wheat-based diets by cattle dramatically decreased protozoal numbers in the rumen (6 to 8 × 10 3 /g), whereas with restricted intake cattle had somewhat larger (up to 30 × 10 3 /g) protozoal populations (Slyter et al., 1970) . Christiansen et al. (1964) also suggested that full-feeding diets containing 48.5 to 60% corn grain caused complete defaunation of the rumen in sheep. Similarly, Vance et al. (1972) reported complete elimination of ruminal protozoa in cattle fed 100% corn grain diets, although including 9.1 kg per animal per day of corn silage in the diets resulted in ruminal protozoal populations of 298 to 410 × 10 3 /mL. These early experiments led to the belief that feedlot cattle are essentially free of protozoa. However, a later study (Towne et al., 1990b) with corn-or sorghum-based finishing diets provided evidence that, under such feeding conditions a large, mostly monogeneric protozoal population exists in the rumen of finishing cattle. This was confirmed in a study during which, after 119 d of feeding 85% corn-based finishing diets, only 5% of the cattle were defaunated and 40% had ruminal protozoal populations of 10 4 /g (Towne et al., 1990a) . Franzolin and Dehority (1996) reported rumen protozoal concentrations of up to 8 × 10 5 /mL in cattle fed up to 75% concentrate (corn-based) diets.
The two reports on the effect of barley grain-based diets on ruminal protozoa in feedlot conditions indicated complete eradication of ruminal protozoa with ad libitum intake (Eadie et al., 1970) or very low protozoal counts with restricted intake (Slyter et al., 1970) . Barley differs from corn (and sorghum) in chemical composition and digestive characteristics (Herrera-Saldana et al., 1990; Zinn, 1993; Yang et al., 1997) . Barley has a higher NDF content than corn or sorghum, and a higher crude protein content than corn (NRC, 1996) . The rate of degradation of carbohydrate fractions A and B1 and protein fractions B1 and B2 are approximately twice as high in barley and sorghum as in corn (NRC, 1996) . Herrera-Saldana et al. (1990) found a significantly lower ruminal degradability rate with milo compared with corn or barley starch. In that study, no significant difference between ruminal degradability of barley and corn was found, but Yang et al. (1997) reported that in vivo, the extent of degradation of barley was 94% higher than that of corn. Thus, different grains may potentially have a different impact on the microbial/protozoal population in the rumen (Slyter et al., 1970; McAllister et al., 1990) .
The present experiment demonstrates that the number of ruminal protozoa in cattle finished on barleybased diets is high. After 30 d of ad libitum intake of the 95% barley grain diet by the steers, ruminal protozoal remained 52% as numerous as they were after 30 d of the steers' consuming the 62% barley grain diet. Over the course of the experiment, only 2 of the 120 ruminal samples (1 on d 5 of the Medium Barley diet and 1 on d 15 of the High Barley diet) were free of protozoa, but this effect was transient. On d 30 of feeding the 95% concentrate diet, protozoa were present in all 10 animals, and 8 of the 10 contained > 10 3 protozoa/mL of ruminal fluid. In contrast full-feeding an 85% corn grain diet defaunated 18% of the cattle within 28 d (Towne et al., 1990a) .
The species distributions of the protozoal populations harbored by the steers in this study were consistent with Type B populations (Williams and Coleman, 1992) . Entodinium spp., which rapidly ingest bacteria and contribute greatly to recycling bacterial N within the rumen (Coleman and Sandford, 1979) , were dominant among the species observed in this study, possibly because of their higher tolerance of low pH (Williams and Coleman, 1992) . This genus accounted for 89 and 91% of the protozoa counted when Medium and High Barley diets, respectively, were fed. Dennis et al. (1983) and Franzolin and Dehority (1996) observed a similar increase in the numbers of Entodinium as the proportion of concentrate in diets increased. In the present study, protozoa from the genera Isotricha, Dasytricha, Eudiplodinium, Diplodinium, Metadinium, Ophryoscolex, and Ostracodinium were either greatly reduced in numbers or not detected in the rumen of steers fed the High Barley diet. Williams and Coleman (1992) discussed the tendency of Entodinium spp., as the most resistant of the protozoa to low ruminal pH, to predominate in cattle fed high-grain diets, whereas those fed hay tend to harbor a wider range of protozoal genera. Other than Entodinium spp., the only protozoa surviving were of the genus Epidinium. This was probably due to the ability of Epidinium spp. to hydrolyze β-glucans (Bailey and Gaillard, 1965) contained in barley grain.
The procedure used in the present experiment to prepare samples for counting protozoa may have caused underestimation of total protozoal numbers and overestimation of the proportion of Entodinium spp. Dehority (1984) demonstrated that, in ruminal contents collected 3 h after feeding, squeezing the samples through two layers of cheesecloth decreased protozoal concentration by 9%, although in samples collected prior to feeding, protozoal counts in squeezed and whole ruminal contents were similar. The proportion of Entodinium spp. was 11% higher in cheesecloth filtrate than in whole ruminal contents. Because the samples in Exp. 1 of this study were also collected 3 h after feeding, it may be that total protozoal numbers were actually higher than those recorded.
Analysis of ruminal fluid from commercially fed feedlot cattle confirmed the results from Exp. 1 and demonstrated that protozoa can persist at levels exceeding 3 × 10 5 per mL in cattle fed 70 to 90% barley grain. These results are in agreement with data from cattle consuming corn-based finishing diets (Towne et al., 1990a) , and they suggest that the role of ruminal protozoa in nutrient metabolism by cattle finished on barley grain diets should be taken into consideration when dietary manipulations are contemplated.
Implications
These experiments showed that cattle fed barley grain-based, 95% concentrate diets have a sizable protozoal population that may play an important role in nutrient metabolism and recycling of microbial N in the rumen. The population is dominated by Entodinium spp., which are known to be major contributors to recycling of bacterial N in the rumen. Despite the substantial decline in total protozoal numbers on the 95% concentrate diet, relative to the 62% concentrate diet, ruminal pH did not drop below 5.5, nor did L-lactate concentrations in the rumen increase. Thus, if economically feasible methods to control protozoa in the rumen of feedlot cattle are developed, it may be possible to reduce the recycling of bacterial N within the rumen and improve the efficiency of protein utilization in feedlot cattle without a concomitant increase in the incidence of acidosis.
